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(g) Method and apparatus for reflow-soldering of print circuit boards. 



© A method and apparatus for reflow-soldering 
of print circuit boards are disclosed. A print 
circuit board having electronic parts with lead 
wires having low temperature resistance alone 
or together with electronic part of high tem- 
perature resistance can be soldered according 
to the reflow-soldering method in a specifically 
designed heating zone involving plural preheat- 
ing chambers and a refl owing chamber while 
making difference in temperature between the 
obverse surface and the reverse surface of the 
board without causing any soldering failure and 
any environmental pollution. 
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Background of the Invention 

1. Field of the Invention: 

The present invention relates to a method and 
apparatus for soldering print circuit boards under ref- 
iowing of solder preforms or solder pastes applied 
onto the boards in a heating zone (this mode of sol- 
dering will be referred to hereinafter as "reflow-solder- 
ing"). More particularly, the present invention relates 
to a method and apparatus for reflow-soldering print 
circuit boards carrying electronic parts with lead wires 
of relatively low temperature resistance alone or 
together with electronic parts of relatively high tem- 
perature resistance such as tip parts and flat pack- 
ages (referred to hereinafter sometimes simply as 
SMD) in a specific manner and a specifically designed 
heating zone without causing any soldering failure 
and any environmental pollution. 

2. Description of the Prior Art 
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tank, additional devices such as a flux-coating device, 
a preliminary heating device and a washing device 
become necessary. Among these additional devices, 
the washing device wherein fleon is used as a wash- 
ing solvent may cause a serious problem; when the 
vapor of fleon leaks out of the device, such wasteful 
consumption of the solvent not only incurs increase in 
the cost of the products but also causes bad working 
environment and even pollution. Thus, exclusion of 
the use of fleon is firstly desired for soldering elec- 
tronic parts with lead wires. Further, the use of a ref- 
low-soldering apparatus is also desired for soldering 
both of the electronic parts having a high temperature 
resistance and electronic parts having a low tempera- 
ture resistance to printed circuit boards. 

Under the above mentioned circumstances, there 
is a great demand for developing a new method and 
apparatus for carrying out soldering of electronic parts 
with lead wires having a poor temperature resistance 
by means of reflow-soldering not accompanying any 
washing step with fleon. 



From the past, a soldering operation of print cir- 
cuit boards having mounted thereon SMD of relatively 
high temperature resistance was carried out in a ref- 
low-soldering apparatus where the soldering oper- 
ation is made in a high temperature atmosphere 
maintained at a temperature of 210-250°C. in case of 
printing circuit boards having mounted thereon SMD 
of relatively hig h temperature resistance together with 
electronic parts with lead wires having a relatively low 
temperature resistance, the soldering operation was 
carried out by mounting SMD to a print circuit board 
to which a solder paste had been applied, subjecting 
the board to soldering in a reflow-soldering apparatus, 
mounting the electronic parts with lead wires to the 
board, soldering the board in a jet-type soldering tank 
or a flow-dip type soldering tank after painting a flux 
to the board and subjecting it to a preliminary heating 
treatment and washing the board with fleon (mar- 
keted from DuPont) or the like solvent 

In accordance with the recent versatility in sur- 
face-mounting technique and in accordance with the 
reduction in cost of printing circuit boards, electronic 
parts with lead wires have been soldered heretofore 
in a flow-dip type soldering tank or in a jet-type solder- 
ing tank. Among these electronic parts, however, 
those of poor temperature resistance as tow as 120°C 
have not yet been soldered in a reflow-soldering 
apparatus. In the currently used reflow-soldering 
apparatus, the temperature of the heating zone is 
uniformly maintained at about 210-150°C. Accord- 
ingly, there is raised a problem such that a reflow-sol- 
dering apparatus is unsuited for soldering electronic 
parts with lead wires which are poor in temperature 
resistance as low as about 120°C. 

in order to solder electronic parts with lead wires 
in a jet-type soldering tank or a flow-dip type soldering 



Brief Summary of the Invention 

25 Accordingly, it is an object of the present inven- 

tion to provide a method for reflow-soldering print cir- 
cuit boards carrying electronic parts with lead wires of 
relatively low temperature resistance in a specifically 
designed heating zone. 

30 It is another object of the present invention to pro- 

vide a method for reflow-soldering print circuit boards 
carrying electronic parts with lead wires of relatively 
low temperature resistance together with electronic 
parts of relatively high temperature resistance without 

35 effecting any washing treatment with fleon. 

It is still another object of the present invention to 
provide an apparatus for reflow-soldering printed cir- 
cuit boards carrying electronic parts with lead wires of 
poor temperature resistance alone or together with 

40 electronic parts of high temperature resistance whe- 
rein a specifically designed heating zone is provided 
for soldering these electronic parts to make differ- 
ences in temperature between the obverse surface 
and the reverse surface of the circuit boards passing 

45 through the heating zone. 

Other and further objects, features and advan- 
tages of the present invention will become apparent 
more fully from the following description. 

50 Detailed Description of the Invention 

As a result of extensive research made for 
developing a new type method and apparatus for ref- 
low-soldering of electronic parts with lead wires of 
55 poor temperature resistance alone or together with 
SMD of high temperature resistance to print circuit 
boards, it has now been found that such reflow-solder- 
ing can be attained by turning upside down the print 
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circuit boards the obverse surface of which optionally 
has SMD mounted thereon, applying solder pastes to 
penetrated apertures provided on the reverse side of 
the boards through which the lead wires of the elec- 
tronic parts are to be inserted, turning the boards 
downside up, mounting the electronic parts onto the 
obverse surface of the boards with the lead wires 
being penetrated through the solder paste and inser- 
ted into the apertures, and thereafter bringing the 
boards carrying the electronic parts optionally with 
SMD to a specifically designed heating zone where 
the lower portion of the zone is sufficiently heated to 
reflow the solder while the upper portion of the zone 
is gently heated under controlled condition to prevent 
the electronic parts from any thermal damage. 

In accordance with one embodiment of the pre- 
sent invention, therefore, there is provided a method 
for reflow-soldering of print circuit boards, which com- 
prises turning upside down print circuit boards the 
obverse surface of which has one or more electronic 
parts of a first group mounted thereon by way of sol- 
dering which are of relatively high temperature resist- 
ance, applying solder paste to penetrated apertures 
provided on the reverse side of the print circuit boards, 
through which lead wires of one or more electronic 
parts of a second group having relatively low tempera- 
ture resistance are to be inserted, turning the boards 
downside up, inserting the lead wires of the electronic 
parts of the second group into the penetrated aper- 
tures opened on the obverse surface of the boards 
and penetrating the lead wires through the solder 
paste on the reversed surface, and thereafter trans- 
ferring the print circuit boards to a heating zone involv- 
ing plural preheating chambers and a reflowing 
chamber arranged longitudinally in serial in such man- 
ner that the individual boards are aligned closely with- 
out space on a conveyer passing through the heating 
zone and that the upper half portions of the preheating 
chambers and the reflowing chamber facing the 
obverse surface of the boards are heated at a tem- 
perature lower than the heat-resistance temperature 
of the electronic parts of the second group while the 
lower half portions of the preheating chambers and 
the reflowing chamber facing the reverse surface of 
the boards are so heated that the temperature in the 
reflowing chamber is higher than the melting point of 
the solder paste whereby the solder paste on the 
reverse surface of the boards is once molten in the ref- 
lowing chamber and solidified after being passed 
through the heating zone to fix the whole electronic 
parts to the boards by soldering. 

According to another (second) embodiment of the 
present invention, there is provided an apparatus for 
reflow-soldering of print circuit boards which com- 
prises a heating zone involving plural pair of preheat- 
ing chambers and a pair of reflowing chambers 
respectively located in vertically symmetrical position 
and arranged in serial along the central axis of the 



heating zone, a conveying means provided with a 
guide rail or chain forming a loop passing through the 
heating zone along the central axis thereof and cap- 
able of transferring to the heating zone plural print cir- 
5 curt boards aligned in serial closely without space 
thereon, a multi-blade sirocco fan positioned in the 
central portion of each pair of the vertically symmetri- 
cal preheating and reflowing chambers, a rectifying 
louver positioned at the exit of hot airflow in each pair 
10 of the preheating and reflowing chambers and cap- 
able of converting turbulent flow to laminar flow, plural 
radiant heaters mounted to each pair of the preheat- 
ing and reflowing chambers in parallel to the moving 
direction of the print circuit boards, shielding plates 
1 s provided between the side walls of the preheating and 
reflowing chambers and the guid rails or chains for 
preventing them from the radiant heat generated from 
the heaters, a perforated steel plate provided at the 
bottom of the upper reflowing chamber for preventing 
20 the obverse surface of the print circuit boards from 
absorption of the heat and plural cooling fans pro- 
vided in the vicinity of the exit of the heating zone for 
cooling the soldered print circuit boards; the upper 
preheating and reflowing chambers being maintained 
25 at a relatively low temperature while the lower pre- 
heating and reflowing chamber being maintained at a 
relatively high temperature to make difference in tem- 
perature between them and the printed circuit boards 
having electronic parts mounted on the obverse sur- 
30 face thereof by soldering and having temporarily 
mounted electronic parts of low temperature resist- 
ance with lead wires penetrating through apertures 
opened on the obverse surface and through solder 
paste applied onto the reverse surface of the boards. 
35 In accordance with still another (third) embodi- 

ment of the present invention, there is provided a 
method for reflow-soldering of print circuit boards, 
which comprises temporarily mounting electronic 
parts of a first group on the reverse surface of print cir- 
40 cuit boards after applying solder paste thereonto 
where necessary, turning the boards downside up, 
inserting lead wires of electronic parts of a second 
group having low temperature resistance into aper- 
tures opened on the obverse surface of the boards 
45 and penetrating the lead wires through the solder 
paste on the reverse surface, transferring the print cir- 
cuit boards thus treated to a heating zone involving 
plural preheating chambers and a reflowing chamber 
arranged longitudinary in serial in such manner that 
so the individual boards are aligned with or without space 
on a conveyer passing through the heating zone and 
thatthe upper half of the preheating chambers and the 
reflowing chamber facing the obverse surface of the 
boards are heated at a temperature lower than the 
55 heat-resistance temperature of the electronic parts of 
the second group while the lower half of the preheat- 
ing chambers and the reflowing chamber facing the 
reverse surface of the boards are so heated that the 
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temperature in the reflowing chamber is higher than 
the melting point of the solder paste whereby the sol- 
der paste on the reverse surface of the boards is once 
molten in the reflowing chamber and solidified after 
being passed through the heating zone to fix the 5 
whole electronic parts to the boards by soldering. 

In accordance with further (fourth) embodiment of 
the present invention, there is provided an apparatus 
for reflow-soldering of print circuit boards, which com- 
prises a heating zone involving plural pair of preheat- 10 
ing chambers and a pair of reflowing chambers 
respectively located in vertically symmetrical position 
and arranged in serial along the central axis of the 
heating zone, a conveying means provided with guide 
rails or chains passing through the heating zone along is 
the central axis thereof and capable of transferring to 
the heating zone plural print circuit boards aligned in 
serial with or without space thereon, a multi-blade 
sirocco fan positioned in the central portion of each 
pair of the vertically symmetrical preheating and ref- 20 
lowing chambers, a rectifying louver positioned at the 
exit of hot air flow in each pair of the preheating and 
reflowing chambers and capable of converting turbu- 
lent flow to laminar flow, plural radiant heaters moun- 
ted to each pair of the preheating and reflowing 25 
chambers, shielding plates provided between the side 
walls of the preheating and reflowing chambers and 
the guide rails or chains for preventing them from the 
radiant heat generated from the heaters, a perforated 
steel plats provided beneath the rectifying louver of 30 
the upper preheating the reflowing chambers for pre- 
venting the obverse surface of the print circuit boards 
from absorption of the heat, an inlet for external air 
provided at the top of each of the upper preheating 
and reflowing chambers, a fan equipped to the inlet for 35 
computsorily introducing external air through the inlet 
to prevent ascending of hot air from the lower preheat- 
ing and reflowing chambers, and plural cooling fans 
provided in the vicinity of the exit of the heating zone 
for cooling the soldered print circuit boards; the upper 40 
preheating and reflowing chambers being maintained 
at a relatively low temperature while the lower pre- 
heating and reflowing chambers being maintained at 
a relatively high temperature to make difference in 
temperature between them and the print circuit 45 
boards having electronic parts temporarily mounted 
on the obverse surface thereof and having electronic 
parts of low temperature resistance with lead wires 
penetrating through apertures opened on the obverse 
surface and through solder paste applied onto the so 
reverse surface. 



Brief Description of the Drawings 

The present invention will become more fully 55 
understood from the detailed description given 
hereinbelow and the accompanying drawings which 
are given by way of illustration, and thus are not limi- 



tative of the present invention, and wherein: 

Figs. 1(a)-1(c) are schematic views of an 
example of the apparatus in accordance with the sec- 
ond embodiment of the present invention, with Fig. 
1(a) being a longitudinal cross section showing the 
apparatus, Fig. 1(b) being a cross section of the 
apparatus shown in Fig. 1(a) cut along the line l-l, and 
Fig. 1(c) being a cross section of the apparatus shown 
in Fig. 1 (a) cut along the line INI. Fig. 1 (d) is a partially 
enlarged side cross section showing the shielding 
plate shown in Fig. 1(c). 

Figs. 2(a)-2(c) are perspective views showing the 
structure of a print circuit board. 

Fig. 3 is a partially enlarged lateral cross section 
of the print circuit board shown in Fig. 2(c). 

Figs. 4(a)-4(c) are schematic diagrams showing 
the process of soldering a print circuit board. 

Figs. 5(a) and 5(b) are schematic diagrams show- 
ing an example of a rid plate and the state of print cir- 
cuit boards aligned in serial on a conveying means. 

Fig. 6 is a lateral cross section showing the struc- 
ture of another example of the shielding plate. 

Figs. 7(a) and 7(b) are a plan view and a longitu- 
dinal cross section showing another example of the 
rid plate. 

Figs. 8(a) and 8(b) are schematic diagrams show- 
ing the case of using a print circuit board with chassis, 
with Fig. 8(a) being a plan view showing a print circuit 
board with chassis and Fig. 8(b) being a cross section 
of the print circuit board with chassis shown in Fig. 
8(a) cut along the line Ill-Ill. 

Fig. 9 is a schematic view of another example of 
the apparatus in accordance with the fourth embodi- 
ment of the present invention. 

Fig. 1 0 is a partially enlarged cross section of the 
preheating or reflowing chamber shown in Fig. 9. 

Fig. 11 is an enlarged longitudinal cross section 
showing the structure of a print circuit board. 

Fig. 12 is a cross section showing the structure of 
a transfer chain. 

Figs. 13(a)-13(d) are schematic diagrams show- 
ing the process of soldering a print circuit board. 

Fig. 14 is a graph showing the relation between 
the transfer time and the temperature. 

Detailed Description of the Invention 

In Figs. 1(a)-1(c) showing the structure of one 
example of the apparatus of this invention, the refer- 
ence numeral 1 is a print circuit board, 2 a tip part of 
high temperature resistance, 3 a solder paste, 7 an 
electronic part with lead wires of relatively low tem- 
perature resistance, 8 a lead wires penetrated 
through an aperture, 11 a conveyer, and in this 
example, a transfer chain, 12 a sprocket, 21 a heating 
zone of the reflow-soldering apparatus, 22 a first pre- 
heating chamber, 23 a second preheating chamber, 
24 a reflowing chamber, 25 a heater, 26 a shielding 
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plate, 27 a heating area, 28 a fan, 29 a motor for the 
fan 28, 30 an exit of hot air, 31 a duct, 32 a rectifying 
louver, 33 a cooling fan 34 a ventilating fan, 35 a path 
of hot air flow, 36 a radiant heater, 37 another shield- 
ing plate, and 38 a perforated steel plate. 5 

In Fig. 1(d) showing the structure of an example 
of the shielding plate, the reference numeral 13 is a 
holding nafl, 14 a guide rail of the transfer chain 11 
and 15 a chain cover. 

In Figs. 2(a)-2(c) and Fig. 3 showing the structure 10 
of the print circuit board, the reference numeral 4 is a 
flat package of high temperature resistance, 5 a prin- 
ted circuit and 6 a penetrated aperture formed in the 
boards 1. 

Referring to Figs. 1(a)-1(c), the heating zone 21 is 
is a housing provided with the ventilating fan 34 and 
openings for entrance and exit of the transfer chain 1 1 
and involving a plural (two in this example) preheating 
chamber 22 and 23 for preliminarily heating the print 
circuit boards 1 having an obverse surface 1a and an 20 
reverse surface 1 b at a temperature lower than the 
melting point of the solder paste and the reflowing 
chamber 24 where the temperature is raised higher 
than the melting point of the solder paste and the sol- 
dering treatment is effected. These preheating cham- 25 
ber 22 and 23 and the reflowing chamber 24 
respectively have a pair of units which are arranged 
in vertically symmetrical along the transfer chain 1 1 as 
a central axis. The upper preheating and reflowing 
chambers are designated by the reference numerals 30 
22A, 23A and 24A while the lower preheating and ref- 
lowing chambers by the reference numerals 22B, 23B 
and 24B, respectively. The side walls of the preheat- 
ing chambers 22A and 23A and the reflowing cham- 
ber 24A are likewise designated by the reference 35 
numerals 22a, 23a and 24a t respectively. The transfer 
chain 11 is supported by the guide rails 14 covered 
with the chain cover 15 and allowed to pass through 
the heating zone 21 along the central axis thereof. 
The transfer chain 1 1 is long enough and forms a loop 40 
including the portion passing through the heating 
zone so that it can convey plural print circuit boards 
continuously. The transfer chain 11 has several 
sprockets 12 over the full length thereof and is driven 
in the direction indicated by the arrow mark A. The 45 
side walls 22a. 23a and 24a are provided with plural 
heater 25 arranged in parallel with the moving direc- 
tion of the print circuit boards 1 on the transfer chain 
1 1 so that the boards 1 are efficiently heated. Used as 
the heater 25 is a sheathed heater or any type of hea- 50 
ter capable of emitting far infrared rays. The shielding 
plate 26 is used for preventing the individual cham- 
bers 22, 23 and 24 from the radiant heat from the hea- 
ter 25 including far infrared rays. The shielding plate 
26 also serves to prevent the moving print circuit 55 
boards 1 and the tip parts 2 from the heat from the 
heater 25. Accordingly, the heating area 27 is formed 
by the shielding plate 26. The fan 28 is installed in the 



central part of the individual chambers 22, 23 and 24 
for circulating the hot air and is driven externally by a 
motor 29. A multi-blade cirocco fan of a targe size is 
particularly used as the fan 28. The exit 30 is a duct 
for sending a hot blast for melting the solder paste 3 
while another duct 31 functions as an inlet of the hot 
air formed beneath the heating area 27. The exit 30 
of the preheating chambers 22 and 23 and the reflow- 
ing chamber 24 is provided with a rectifying louver 32 
to convert a turbulent flow formed by the fan 28 to a 
laminar flow. The print circuit boards 1 taken out from 
the heating zone 21 where the solder paste is once 
molten is then cooled by plural cooling fan 33 whereby 
the solder once molten is solidified to fix the electronic 
parts to the boards. The ventilating tan 34 is usually 
installed at the top of the heating zone 21, and the 
path 35 of hot air flow connects the heating area 27 
and the fan 28. The heater 36 is provided above the 
rectifying louver 32 and below the transfer chain 1 1 to 
heat the reverse surface 1b of the boards 1. The 
shielding plate 37 for blocking the space between the 
chain cover 15 and the side wails 22a, 23a and 24a 
prevents upward flow of hot blast heated in the lower 
reflowing chamber 24B. The perforated steel plate 38 
provided above the rectifying louver 32 of the reflow- 
ing chamber 24 and has a number of perforated small 
holes and serves to maintain the obverse surface of 
the print circuit boards at a lower temperature. 

Referring to Fig. 1 (d) showing the details of the 
shielding plate 37, the print circuit boards 1 are sup- 
ported on both side edges by holding nails 13 of the 
transfer chain 1 1 which is in turn supported by the 
guide rail 14, and the space between the guide rail 14 
and the side wall 24a of the reflowing chamber 24 is 
blocked by shielding plate 37 to prevent ascending of 
hot air heated in the chamber 24B at a higher tem- 
perature. This shielding plate 37 also serves to 
strengthen the guide rail 14. The chain cover 15 is 
usually interposed between the guide rail 14 and the 
shielding plate 37. 

Figs. 2(a)-2(b) show perspective views of the typi- 
cal print circuit board 1. In Fig. 2(a), board 1 carries a 
flat packages 4 on the obverse surface 1a which have 
already soldered with the solder paste 3 and have 
high temperature resistance. There are some pene- 
trated apertures 6 and tip part 2 already soldered as 
well on the obverse surface. Fig. 2(b) shows the 
reverse surface 1b of the board 1 shown in Fig. 2(a). 
In this case, only penetrated apertures 6 are opened 
on the reverse surface 1 b. Fig. 2(c) shows the result 
of the present invention; electronic parts 7 with lead 
wires having low temperature resistance can thus be 
soldered on the obverse surface 1a without damaging 
any electronic characteristic property according to the 
present invention. 

Fig. 3 is a partially enlarged cross section of the 
print circuit board 1 soldered in accordance with the 
present invention. The solder paste 3 is first applied 
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to the printed circuit 5 on the obverse surface 1a and 
is soldered with the tip board 2 of high temperature 
strength. The print circuit board 1 is then turned 
upside down and the solder paste 3 is applied to pene- 
trated aperture 6 opened on the reverse surface 1b. s 
The board 1 is turned downside up and the electronic 
part 7 with lead wires having low temperature resist- 
ance is temporarily mounted to the board in such man- 
ner that the lead wires 8 are inserted into the 
penetrated apertures. The board 1 in this state is w 
heated in the heating zone 21 whereby the reverse 
surface 1b of the board 1 is heated at a temperature 
above the melting point of the solder paste 3. The 
board 1 is then cooled by the cooling fan 33 out of the 
heating zone 21 to solidify the solder 3. 15 

Referring to Figs. 4{a)-4(c) showing the process 
of soldering a print circuit board 1 according to the pre- 
sent invention, the print circuit board 1 to be treated 
carries the tip board 2 having soldered with the solder 
3 on the obverse surface 1 b. The board 1 has several 20 
penetrated apertures opened on the obverse surface 
1 a. In Fig. 4(b), the board 1 is turned upside down and 
the solder paste 3 is applied, for example, by using an 
injector (not shown) or by using a screen plate whe- 
rein the plate is perforated in the same location as in 25 
the boards 1, onto the reverse surface 1b where the 
apertures 6 exist The boards is then turned downside 
up as shown in Fig. 4(c), and lead wires 8 of the elec- 
tronic part having low temperature resistance are 
inserted into the apertures 6 and penetrated through 30 
the solder paste 3. The board 1 is then passed 
through the heating zone 21 in this state to complete 
the soldering treatment 

In the heating zone 21, the boards 1 conveyed by 
the transfer chain 1 1 as shown in Fig. 1 (d) is heated 35 
in the preheating chambers 22, 22A, 23 and 23A at a 
temperature of about 130°C. The solder already 
applied onto the boards 1 is not molten at this tem- 
perature. The upper reflowing chamber 24A is main- 
tained at a temperature of about 100°C while the 40 
lower reflowing chamber 24B is heated at about 
400°C by hot blast and far infrared rays generated 
from the radiant heater 36. In this case, the perforated 
steel plate 38 serves to prevent absorption of far 
infrared rays in the chamber 24A by the obverse sur- 45 
face 1a of the board 1. Further, ascending of hot blast 
and radiant heat from the lower reflowing chamber 
24B is prevented by the shielding plate 37. 

In case of supplying the print circuit boards 1 to 
the heating zone 21, the boards 1 are aligned closely so 
without space on the conveyer 11. If the boards 1 are 
aligned on the conveyer 1 1 with space, hot blast and 
radiant heat in the reflowing chamber 24B will ascend 
to the upper reflowing chamber 24 through the space 
between the boards 1 so that the temperature in the 55 
upper reflowing chamber 24A usually maintained at 
100°C will be elevated to give bad influence on the 
electronic characteristics of the electronic part 7 of low 



temperature resistance. 

Referring to Figs. 5(a) and 5(b) showing the a 
plan view and a side view of the rid plate 44, respect- 
ively, the conveyer 1 1 must in general be filled with a 
rid plate 41 without space in the event the number of 
the boards 1 is rather small and some space is formed 
between them on the conveyer 1 1. In this case, the 
size of the rid plate 44 is deemed identical with the 
print circuit boards to be conveyed. It is a matter of 
course that all of the rid plate 44 may be replaced with 
the print circuit boards 1 if the number of the boards 
1 to be treated is large. 

In Fig. 6 showing the structure of another 
example of the shielding plate 37, the reference num- 
erals 1, 11, 13-15 and 24a have the same meanings 
as given hereinbefore. In this case, the shielding plate 
37 in Fig. 1(d) is composed of plates 26a and 43 and 
joint parts 26b and 43a and is considered as a whole 
to be a combination of two parts 26a,26b and 43, 43a 
both in "letter L° form. As the parts 43a and 43 are slid- 
ably adjustable relative to the non-movable parts 26a 
and 26b, the lateral distance between the side wall 
24a and the chain cover 15 can flexibly be changed 
according to the width of the boards 1 to be treated. 

In Figs. 7(a) and 7(b) showing a plan view and a 
side view of the structure of another example of the rid 
plate, respectively, the rid plate 44 has an opening 45 
corresponding to the size of a smaller print circuit 
board 1 . When the size of the board 1 is too small to 
make adjustment of the shielding plate shown in Fig. 
6, the rid plate of this type can effectively be used with 
any trouble. 

Figs. 8(a) and 8(b) show the case of the print cir- 
cuit board 1 accompanied with a chassis. In these fig- 
ures, the reference numeral 51 is a chassis of a 
magnetic substance to which the print circuit board 1 
is fixed, 52 a section plate of a magnetic substance 
formed in the chassis 51 , 53 a lead wire projected out- 
wards from the chassis 51 , 54 a transfer chain, 55 a 
rod integrally mounted with the transfer chain 54, 56 
a magnet chuck mounted to the rod 55, and 57 a per- 
manent magnet. The other reference numerals have 
the same meanings as given hereinbefore. The mag- 
net chuck 56 is held by the effect that the upper sur- 
face of section plate 52 and the chassis 51 are 
adsorbed by the permanent magnet 57. The chassis 
51 to which the print circuit board 1 is fixed is held by 
the magnet chuck 55 and is treated with the reflow- 
soldering apparatus (not shown) in the same steps as 
shown in Figs. 4(a)-4(c) by using the rid plate 44 as 
shown in Fig. 7 having an opening 55 corresponding 
to the chassis 51 . 

Fig. 9 shows the structure of another example of 
the apparatus in accordance with the third and fourth 
embodiment of this invention. In this example, the fun- 
damental structure of the heating zone 21 is almost 
identical with that shown in Fig. 1(a) except that the 
upper preheating chambers 22A and 23A and the 
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upper reflowing chamber 24A are provided with an 
inlet 31a for external air and a fan 39 for introduction 
of external air and that the lower chambers 22B, 23B 
and 24B are provided just below the transfer chain 1 1 
with a radiant heater 36a. The reference numeral 42 s 
is an exhaust duct The difference in technical effect 
between the apparatus shown in Fig. 9 and the 
apparatus shown in Fig. 1 (a) will become more appa- 
rent by describing the structure with reference to Fig. 
1 0 which is an enlarged drawing of the essential part to 
shown in Fig. 9. 

In Fig. 10 showing the structure of the preheating 
chamber 22 or 23 or the reflowing chamber 24 in 
detail, the inlet 31a and the fan 39 are used for intro- 
ducing external air and a duct 40 is used for blowing is 
air to the boards 1 . The perforated steel plate 38a is 
provided below the rectifying louver 32a and the 
radiant heater 36 is disposed laterally to the moving 
direction of the boards 1 unlike the case of the 
apparatus shown in Fig. 1(a). In this apparatus, the 20 
upper reflowing chamber 24A is maintained at a tem- 
perature below the melting point of the solder paste 3 
while the lower reflowing chamber 24B is maintained 
at a temperature above the melting point of the solder 
paste. The operation itself for the soldering treatment 25 
is carried out in the same manner as described with 
respect to Figs. 1(a)-(c). 

Fig. 1 1 shows the structure of a print circuit board 
in an enlarged scale which has been soldered in 
accordance with the third and fourth embodiment of 30 
this invention using the apparatus shown in Fig. 9. 
The reference numerals used in Fig. 11 have the 
same meanings as given hereinbefore. 

In Fig. 12 showing the structure of the transfer 
chain 11, the reference numeral 12a is a holding roll 35 
for supporting the print circuit board 1, 15a a chain 
guide and 26a a shielding plate blocking the space be- 
tween the side wall 22a (23a or 24a) and the chain 
guide so that ascending of the hot air flow and radiant 
heat from the lower chamber 22B (23B or 24B) is pre- 40 
vented. 

Referring to Figs. 13(a)- 13(d) showing the pro- 
cess of soldering a print circuit board 1 in accordance 
with the method and apparatus shown in Fig. 9, the 
print circuit board 1 is turned upside down and the sol- 45 
der paste 3 is applied onto the penetrated aperture 6 
and onto the printed circuit 5 to which the tip part 2 is 
to be soldered. This state is shown in Fig. 13(a). The 
application of the solder paste 3 onto the board 1 is 
carried out by using an injector or a screen plate as so 
in Fig. 4(b). Fig. 13(b) shows temporarily mounting of 
the tip part 2 on the printed circuit 5. The board 1 is 
then turned downside up and the lead wires 8 of the 
electronic part 7 is inserted into the aperture 6 and 
penetrated through the solder paste 3 on the reverse 55 
surface, as shown in Fig. 13(c). The print circuit board 
1 in this state is placed on the transfer chain 5 and 
passed through the heating zone 21 whereby reflow- 



soldering of both of the tip part 2 and the electronic 
part 7 is simultaneously attained as shown in Fig. 
13(d). 

in Fig. 14, the broken line stands for the tempera- 
ture characteristics of the upper chambers 22A, 23A 
and 24A while the solid line for the temperature 
characteristics of the lower chamber 22B, 23B and 
24B. The print circuit board 1 is passed through the 
preheating chamber 22 during the time M2. through 
the preheating chamber 23 during the time and 
through the reflowing chamber 24 during the time VU. 
The time tj on the abscissa stands for the time of initi- 
ation of heating. The room temperature was 20°C. 
The heating is carried out during the time period of t r 
t 2 , and the external air was introduced from the inlet 
31a by the action of the fan 39 into the upper cham- 
bers 22A and 23A during the time period of t 2 -t 3 while 
the temperature was adjusted to T 2 =90°C which was 
lower than the heat resistance temperature of the 
electronic part 7 to suppress ascending of hot airflow 
from the lower chambers 22B and 23B. The lower pre- 
heating chamber 22B and 23B was heated to 
T 4 =150°C for preheating the board 1. During the time 
period of tyti, the upper reflowing chamber 24A was 
maintained at the maximum temperature of T 3 =1 1 5°C 
while introducing external air from the inlet 31a by 
driving the fan 39 to suppress ascending of hot air 
from the lower reflowing chamber 24B. On the other 
hand, the lower reflowing chamber 24B was heated at 
about T 5 =215°C which is higher than the melting point 
(1 80°C) of solder paste 3 whereby soldering of the tip 
part 2 and the lead wires 8 of the electronic part 7 was 
achieved. The print circuit board 1 was then taken out 
of the heating zone 21 and cooled by a cooling fan 33 
to finish the soldering treatment. The perforated steel 
plate 38a effectively prevented absorption of far 
infrared rays from the upper chambers 22A, 23A and 
24A by the obverse surface of the board. The air flow 
through the inlet 31a and the fan 39 prevented intru- 
sion of the hot blast from the lower chambers 22B, 
23B and 24B into the upper chambers. In the lower 
reflowing chamber 24B, the reverse surface of the 
board was heated by hot blast and far infrared rays 
generated from the radiant heater 36a. A result of the 
experiments is plotted in the graph shown in Fig. 14. 
From the graph, it is understood that the difference in 
temperature between the lower chambers and the 
upper chambers is about 100°C. 

According to the present invention, it now 
becomes possible to solder electronic parts of low 
temperature resistance by means of reflow-soldering. 
Thus, the washing treatment with fleon is utterly 
unnecessary in the present invention and no problem 
arises in connection with environmental pollution. 

In case of using the apparatus shown in Fig. 9, 
ascending of the hot blast from the lower reflowing 
chamber 24B is entirely suppressed by compulsory 
introduction of external air flow through the inlet 31a 
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mounted to each of the upper chambers. Accordingly, 
it is unnecessary to align the print circuit boards 
closely in serial without space on the conveyer 
means. The print circuit boards can be arranged at 
any desired intervals on the conveyer means and this s 
serves to simplify the soldering operation. According 
to this invention, reflow-soldering of print circuit 
boards exclusively having electronic parts with lead 
wires having low temperature resistance can be car- 
ried out as well. 10 



Claims 

1. A method for reflow-soldering of print circuit 15 
boards, which comprises turning upside down 
print circuit boards the obverse surface of which 

has one or more electronic parts of a first group 
mounted thereon by way of soldering which are of 
relatively high temperature resistance, applying 20 
solder paste to penetrated apertures provided on 
the reverse side of the print circuit boards, 
through which lead wires of one or more elec- 
tronic parts of a second group having relatively 
low temperature resistance are to be inserted, 25 
turning the boards downside up, inserting the 
lead wires of the electronic parts of the second 
group into the penetrated apertures opened on 
the obverse surface of the boards and penetrat- 
ing the lead wires through the solder paste on the 30 
reversed surface, and thereafter transferring the 
print circuit boards to a heating zone involving 
plural preheating chambers and a reflowing 
chamber arranged longitudinally in serial in such 
manner that the individual boards are aligned 35 
closely without space on a conveyer passing 
through the heating zone and that the upper half 
portions of the preheating chambers and the ref- 
lowing chamber facing the obverse surface of the 
boards are heated at a temperature lower than 40 
the heat-resistance temperature of the electronic 
parts of the second group while the lower half por- 
tions of the preheating chambers and the reflow- 
ing chamber facing the reverse surface of the 
boards are so heated that the temperature in the 45 
reflowing chamber is higher than the melting point 
of the solder paste whereby the solder paste on 
the reverse surface of the boards is once molten 
in the reflowing chamber and solidified after being 
passed through the heating zone to fix the whole so 
electronic parts to the boards by soldering. 

2. An apparatus for reflow-soldering of print circuit 
boards which comprises a heating zone involving 
plural pair of preheating chambers and a pair of 55 
reflowing chambers respectively located in verti- 
cally symmetrical position and arranged in serial 
along the central axis of the heating zone, a con- 



veying means provided with a guide rail or chain 
forming a loop passing through the heating zone 
along the central axis thereof and capable of 
transferring to the heating zone plural print circuit 
boards aligned in serial closely without space the- 
reon, a multi-blade sirocco fan positioned in the 
central portion of each pair of the vertically sym- 
metrical preheating and reflowing chambers, a 
rectifying louver positioned at the exit of hot air 
flow in each pair of the preheating and reflow-ing 
chambers and capable of converting turbulent 
flow to laminar flow, plural radiant heaters moun- 
ted to each pair of the preheating and reflowing 
chambers in parallel to the moving direction of the 
print circuit boards, shielding plates provided be- 
tween the side walls of the preheating and reflow- 
ing chambers and the guid rails or chains for 
preventing them from the radiant heat generated 
from the heaters, a perforated steel plate pro- 
vided at the bottom of the upper reflowing cham- 
ber for preventing the obverse surface of the print 
circuit boards from absorption of the heat, and 
plural cooling fans provided in the vicinity of the 
exit of the heating zone for cooling the soldered 
print circuit boards; the upper preheating and ref- 
lowing chambers being maintained at a relatively 
low temperature while the lower preheating and 
reflowing chamber being maintained at a rela- 
tively high temperature to make difference in tem- 
perature between them and the printed circuit 
boards having electronic parts mounted on the 
obverse surface thereof by soldering and having 
temporarily mounted electronic parts of low tem- 
perature resistance with lead wires penetrating 
through apertures opened on the obverse surface 
and through solder paste applied onto the reverse 
surface of the boards. 

3. A method for reflow-soldering of print circuit 
boards, which comprises temporarily mounting 
electronic parts of a first group on the reverse sur- 
face of print circuit boards after applying solder 
paste thereonto where necessary, turning the 
boards downside up, inserting lead wires of elec- 
tronic parts of a second group having low tem- 
perature resistance into apertures opened on the 
obverse surface of the boards and penetrating 
the lead wires through the solder paste on the 
reverse surface, transferring the print circuit 
boards thus treated to a heating zone involving 
plural preheating chambers and a reflowing 
chamber arranged longitudinary in serial in such 
manner that the individual boards are aligned with 
or without space on a conveyer passing through 
the heating zone and that the upper half of the 
preheating chambers and the reflowing chamber 
facing the obverse surface of the boards are 
heated at a temperature lower than the heat-resi- 
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stance temperature of the electronic parts of the 
second group while the lower half of the preheat- 
ing chambers and the reflowing chamber facing 
the reverse surface of the boards are so heated 
that the temperature in the reflowing chamber is 
higher than the melting point of the solder paste 
whereby the solder paste on the reverse surface 
of the boards is once molten in the reflowing 
chamber and solidified after being passed 
through the heating zone to fix the whole elec- 
tronic parts to the boards by soldering. 



10 



surface. 

An apparatus according to claim 2, wherein the 
shielding plate provided between the side wall of 
the upper preheating and reflowing chambers 
and the guide rail is comprised of non-movable 
parts and slidably movable parts capable of 
adjust the distance between the side wall and the 
chain cover in accordance with the width of the 
boards. 



4. An apparatus for reflow-soldering of print circuit 
boards, which comprises a heating zone involv- 
ing plural pair of preheating chambers and a pair is 
of reflowing chambers respectively located in ver- 
tically symmetrical position and arranged in serial 
along the central axis of the heating zone, a con- 
veying means provided with guide rails or chains 
passing through the heating zone along the cent- 20 
ral axis thereof and capable of transferring to the 
heating zone plural print circuit boards aligned in 
serial with or without space thereon, a multi-blade 
sirocco fan positioned in the central portion of 
each pair of the vertically symmetrical preheating 25 
and reflowing chambers, a rectifying louver posi- 
tioned at the exit of hot air flow in each pair of the 
preheating and reflowing chambers and capable 
of converting turbulent flow to laminar flow, plural 
radiant heaters mounted to each pair of the pre- 30 
heating and reflowing chambers, shielding plates 
provided between the side walls of the preheating 
and reflowing chambers and the guide rails or 
chains for preventing them from the radiant heat 
generated from the heaters, a perforated steel 35 
plats provided beneath the rectifying louver of the 
upper preheating the reflowing chambers for pre- 
venting the obverse surface of the print circuit 
boards from absorption of the heat, an inlet for 
external air provided at the top of each of the 40 
upper preheating and reflowing chambers, a fan 
equipped to the inlet for compulsorily introducing 
external air through the inlet to prevent ascending 
of hot air from the lower preheating and reflowing 
chambers, and plural cooling fans provided in the 45 
vicinity of the exit of the heating zone for cooling 
the soldered print circuit boards; the upper pre- 
heating and reflowing chambers being main- 
tained at a relatively low temperature while the 
lower preheating and reflowing chambers being so 
maintained at a relatively high temperature to 
make difference in temperature between them 
and the print circuit boards having electronic parts 
temporarily mounted on the obverse surface 
thereof and having electronic parts of low tern- 55 
perature resistance with lead wires penetrating 
through apertures opened on the obverse surface 
and through solder paste applied onto the reverse 
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